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CHAPTER 1. | NTRODUCTI ON

1-1.  Purpose. The purpose of this manual is to present data accrued
from experience and research that may be useful to Corps of Engineers
hydraul i c designers concerned with the design of control valves for
navigation lock filling and enptying systems. Primarily, the objective
is to consider the hydrodynamc forces that enter into the design of
valves. However, the interrelationship of structural features, opera-
tional procedures, and hydraulic performance will be discussed when
pertinent to an understanding of the problens involved. Consideration
will be given only to valves used to control flow in relatively |ong
culverts. Valves in tubes with a length |ess than about 5 dianmeters,
such as might be installed in or around the |ock service gates, present
a somewhat different type of design problem than those installed in

| onger culverts;, and since they are rarely used in any but very lowlift
modern |ocks, they will be omtted from the discussion. Service gates
which in thenselves either constitute the primary filling system or are
used as auxiliary devices, such as vertical-lift gates, tainter gates,
sector gates, bascule gates, etc., also will not be treated in this
manual .

1-2.  Applicability. The provisions of this manual are applicable to
Corps of Engineers Divisions and Districts concerned with civil works
design, construction, and operational maintenance.

1-3. Ref er ences.

a. Picket-t, E. B., "Hydraulic Prototype Tests of Tainter Valve,
McNary Lock, Colunbia River, Washington," Technical Report
No. 2-552, Jun 1960, U S. Arny Engineer \Waterways Experinent
Station, CE, P. O Box 631, Vicksburg, M ssissippi 39180.

b. U S Arny Engineer \Waterways Experiment Station, CE, "Vacuum
Tank Tests of Mdel Tainter Valve for MNary Dam" Techni cal
Menmor andum No. 2-282, Jun 1949, Vicksburg, M ss.

¢c. U S Arny Engineer Waterways Experiment Station, CE, "John
Day Tests" (in preparation), Vicksburg, Mss.

d. Fidelman, S., "Filling and Enptying Systens for Valter F.
CGeorge Lock, Chattahoochee River, Al abama-Ceorgia; Hydraulic
Model Investigation,"” Hydraulic Laboratory Report No. 73,
Sep 1961, U S. Arny Engineer District, St. Paul, St. Paul,
Mnn.; prepared by St. Anthony Falls Hydraulic Laboratory,
3625 22nd Avenue, M nneapolis, M nn. 55407.
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e.

Ables, J. H, Jr., "Intake Studies, Dardanelle Lock, Arkansas
Ri ver, Arkansas; Hydraulic Model Investigation," Technical
Report No. 2-573, Jul 1961, U S. Arny Engineer \Waterways Ex-
periment Station, CE, Vicksburg, M ss.

Ables, J. H, Jr., and Mirphy, T. E, "Culvert Tainter Valves,
New Lock-Nom 19, M ssissippi River; Hydraulic Mdel Investi-
gation," Technical Report No. 2-537, Jun 1961, U S. Arny

Engi neer Waterways Experinment Station, CE, Vicksburg, Mss.

Ables, J. H, Jr., and Schmdtgall, T., "Filling and Enptying
System New Poe Lock, St. Marys River, Sault Ste. Mrie,

M chigan; Hydraulic Mdel Investigation," Technical Report

No. 2-561, Apr 1961, U S. Arny Engi neer Waterways Experinent
Station, CE, Vicksburg, Mss.

Murphy, T. E. and Ables, J. H, Jr., "Lock Filling and
Emptying System Holt Lock and Dam Warrior River, Al abam,
Hydraulic Mdel Investigation," Technical Report No. 2-698,
Nov 1965, U. S. Arny Engi neer \Waterways Experinment Station,
CE, Vicksburg, Mss.

U S. Arny Engineer District, Portland, "Navigation Lock for
McNary Dam Colunmbia River, Oegon and Washington; Hydraulic
Model Investigation," Report No. 26-1, My 1955, Portland,
Oreg.; prepared by North Pacific Division Hydraulic Laboratory,
Bonneville, Oregon 97008.

Fidelman, S., "Filling and Enptying Systems for Barkley Lock,
Cunberland River, Kentucky; Hydraulic Mdel Investigation,"
Hydraul i c Laboratory Report No. 75, Jun 1963, U S. Arny

Engi neer District, St. Paul, St. Paul, Mnn.; prepared by

St. Anthony Falls Hydraulic Laboratory, M nneapolis, M nn.

U S Arny Engineer \Waterways Experinment Station, CE,
"Barkley Prototype Tests" (in preparation), Vicksburg, Mss.

Ables, J. H, Jr., and Boyd, M B., "Filling and Enptying
System Cannelton Main Lock, Chio River, and Generalized
Tests for Sidewall Port Systens for 110- by 1200-ft Locks;
Hydraulic Mddel Investigation," Technical Report No. 2-713,
Feb 1966, U S. Arny Engineer Waterways Experiment Station,
CE, Vicksburg, Mss.

Anerican Society of Civil Engineers, "Minual on Lock Valves,"
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Manual s of Engineering Practice No. 3,1930, Conmmttee on
Lock Valves, Waterways Division, New York, N Y.

n. Mirphy, T. E, "Hydraulic Mdel Investigation of Lock Culvert
Val ves," Jan 1942, Special Engineering Division, Pananma
Canal Zone, Diablo Heights, Canal Zone

1-4. Typical Filling and Enptying System The nost conmon type of
filling and enptying system used in nodern |ocks has a |ongitudinal cul-
vert in each lock wall extending from the upper pool to the |ower pool
with a streamined intake at the upstream end and a diffusion device at
the downstream end. Flow is distributed from the longitudinal culverts
in and out of the |ock chanber by short ports or secondary culverts in
the floor of the lock chanber. Two valves are required in each |ongi-
tudinal culvert, one between the intake and the |ock chanber nanifold
to release flow in the filling operation, and the other between the
chanber manifold and the discharge diffuser to enpty the lock chanber.

1-5. Types of Lock Val ves.

a. In 1930 the America; Society of Civil Engineers published a
manual on |ock culvert valves which described valves at 12 projects,
"all of reasonably recent construction.” At these 12 projects, seven
types of valves were used, nanely stoney gate, cylindrical, wagon body,
butterfly, spool, slide gate, and tainter. However, since about 1930
tainter valves (an adaptation of the tainter gate devel oped by Jeremni ah
B. Tainter and patented by himin 1885 for control of flows over spill-
way crests) have been used alnmpbst exclusively in hydraulic systens of
major locks in North Anerica. Anong the first locks in which tainter
valves were used are Lock No. 2 on the Mssissippi River, conpleted in
1930, and the Welland Ship Canal Locks in Canada, conpleted in 1933
The valves in these and several other installations were oriented in the
manner of the conventional tainter gate, that is, with the trunnions
downstream of the skin plate causing the convex surface of the skin
plate to face the flow and seal along the upstream end of the valve well.
Wien the Pickwick Lock on the Tennessee River was being designed for a
lift of 65 ft, nodel tests showed that during the opening period the
pressure gradient immediately downstream of the valve skin plate dropped
bel ow the top of the culvert; this caused large volunes of air to be
drawn down the valve well and into the culvert. The air forned large
pockets in the nodel culvert which restricted the flow until sufficient
pressure was devel oped to expel the air through the ports or into the
downstream bul khead recess. Air expelled through the ports erupted at
the water surface in the |ock chanber w th considerable violence, caus-
ing disturbances that would be hazardous to small craft
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b. By reversing the tainter valves, that is, placing the trun-
ni ons upstream of the skin plate with the convex surface of the skin
plate faci ng downstream and seal i ng agai nst the downstream end of the

valve well, air was prevented fromentering the culvert at the valve
recess. A typical reverse tainter valve installation is shown in
figure I-1. Valves of this general type have been used on all ngjor

| ocks constructed by the Corps of Engineers in recent years.

c. Since data collected in the past 40 years have been concerned
with reverse tainter valves, this type of valve will be used in exanples
in this manual. The reverse tainter valve certainly has proved very
satisfactory, it probably will be desirable at nost new projects, and
its continued use is advocat ed. However, the designer should consider
other types of valves. For instance, if subnergence is such that air
definitely will not be drawn down the valve well and into the cul vert,
the use of a tainter valve in the nornal position nmay prove desirable.

Wth the valve in the normal position, loads and |oad variations on the
n

val ve hoist caused by flowing water will be negligible.” Structural-
design of the trunnion anchorages probably would be sinplified. Further,
dependi ng upon whether the position of the valve in the lock wall is

upstream or downstream from the |lock gate, use of the nornal position
for the tainter valve may prevent large differentials between the water

in the valve well and the lock chanber or |ower pool. Also, vertical-
lift gates which are used extensively in outlet conduits should be
suitable as lock culvert valves. The vertical-lift valve would not re-

quire the large recess that is necessary with a tainter valve. Wth
one spare gate at an installation, maintenance could be performed wth-
out taking the culvert out of service as is necessary with the tainter
valve. However, the vertical-lift valve's rollers, wheels, or sliding
surfaces mght require considerably nmore servicing than do the el enents
of the tainter valve. If a vertical-lift valve is considered, certain
of the procedures given in this manual could be used in design; but it
is suggested that nodel tests be conducted to devel op an optimm bottom
shape for the gate and to deternine valve hoist [oads.
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CHAPTER 2. AIR IN CULVERT SYSTEMs

2-1. Experience with Air in Culvert System

a. At several old locks (notably Chio River Lock No. 41, old
W ! son Locks on the Tennessee River, and M ssissippi River Lock No. 1)
portions of the roofs of the culverts between the filling and enptying
valves were at elevations higher than the lower pool. This resulted
inair seeping into the culvert systemand formng pockets along the
roof when the chamber water surface was at |ower pool |evel. In the
filling operation, the air pockets were conpressed and forced al ong the
culvert until expelled through an available exit (valve well, bul khead
recess, or ports into the lock chanber). The air energed with such
expl osive force that it endangered personnel on the lock walls, created
di sturbances in the chanber which were hazardous to small craft, and
i ncreased hawser forces on noored tows. Conditions at these |ocks were
mtigated sonewhat by installation of blowff vents, but it was con-
cluded that all air should be sealed fromthe filling system

b. \en the 92-ft-lift MNary Lock® was constructed on the Col um
bia Rver six 12-in.-diam air vents, two in the culvert roof and two in
the upper portion of each sidewall, were installed i mediately down-
steam of each valve. During initial operation of the lock, the air
vents at the filling valves were capped. Pounding noises, resenbling
t hunder or cannon shots, seened to cone from the bul khead slots on the
downstream sides of the filling val ves when the valves were partially
open. It was found that opening one of the 12-in.-diamair vents in the
roof of the culvert at each valve virtually elimnated these noises.
Consequently, the lock has been operated with one air vent open at each
valve. Air is drawn through the vent into the culvert systemduring the
val ve opening period, is entrained as snall bubbles in the highly turbu-
lent flow, and energes in the |ock chanber so entrained that it nerely
causes the water to look mlky. Vhen the valve reaches the full open
position, air ceases to be drawn through the vent and all air is rapidly
purged fromthe culvert systemstill entrained in the flow as small bub-
bles. No operation difficulties or hazardous conditions have resulted
fromadnmtting this controlled amount of air to the culvert systemdur-
ing the valve opening period. Oher locks, notably the 63.6-ft-lift
Holt Lock on the Warrior River and the 48-ft-lift MIlers Ferry Lock on
the Al abana River, operate satisfactorily with a controlled anmount of
air admtted to the culvert systemduring the valve opening period. In
fact, nodel tests on Holt Lock indicated that a controlled anount of air
woul d reduce hawser forces on noored tows. This seens reasonable since
bubbl e screens are used to dissipate waves and surges in harbors.

c. Thus, while pockets of air in the culvert systemare very
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undesirable, admission of a controlled anmount of air during the valve
opening period has proved beneficial at high-lift |ocks.

2-2. Recent Field Tests of Cavitation Conditions.

a. Tests were made at three |ocks--Holt on the Warrior River in
Al abama, John Day on the Col unbia River in Washington-Oregon, and M| -
lers Ferry on the A abama River in Al abama--to deternine conditions
under which a controlled anount of air is needed to quiet the pounding
noi ses such as those heard during initial operation of MNary Lock. A
summary of certain of the results of these tests is given in Appendix A

b. In order to evaluate cavitation potential at various projects,
a cavitation paraneter, K, is used. The formof this paraneter used
for lock culvert valves is:

PHP o R)

K=

V2 2g
wher e

P = gage pressure at the top of the vena contracta of the jet
energing from the partially open valve, ft

P, = atnospheric pressure, ft
P, = vapor pressure of water, ft

V = velocity in vena contracta of the jet emerging fromthe
partially open valve, fps

g = acceleration due to gravity, ft/sec?

A value of 33.0 ft has been used for the termP, - P, in all cases.
This probably is correct within 0.5 ft for conditions at existing |ocks,
and available data do not warrant a nore refined value. P and V are
conput ed by a program devel oped at the U. S. Arny Engi neer \Waterways Ex-
periment Station (WES program Appendix B) and are independent of |ocal
pressures on the roof of the culvert, which are influenced by changes in
culvert geonmetry. The value of this paraneter at which cavitation is
incipient is termed the cavitation index, K. Under this procedure,
the value of K varies with changes in the culvert geonetry.

c. Values of the cavitation paraneter, K, for the tests
described in table A-2 are plotted agai nst percent expansion of the
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culvert roof in figure 2-1. Also, a line defining K recomended

for design purposes is shown in this figure. Since Holt test 2 (only
one boon) obviously was near conditions for incipient cavitation while
John Day test 3B (several boons) was well within cavitation conditions,
there is logic in the manner in which the K; line is drawmn. At Holt
and John Day Locks where the culvert roofs slope up downstream from the
filling valves there is additional backflow of water into the |ow pres-
sure zone downstream from the valve. This additional circulation, or
water venting as it is sometinmes called, results in an increase in pres-
sure on the culvert roof. Measured pressure increases have been plotted
as pressure drop (initial lock water surface to mninmm gradient)
reductions in figure 2-2. If this pressure increase was the only
quantity changed then conputations with neasured pressures should allow
establishnent of a single K value for all roof geonetries. Thisis
not supported by available data. It is considered probable that both
the velocity and depth at the vena contracta also are nodified, but
accurate measurenents to establish the degree of nodification would be
difficult.

2-3. Selection of Elevation for Culvert Valves.

a. In design, the lock valves nust be placed either at an eleva-
tion that will result in the mninmmvalue of K being not |ess than
Ki or at an elevation that will result in negative pressures on the
culvert roof and vents nust be provided in the negative pressure zone.
If an elevation for the culvert is determned such that the mninmm
value of K equals K , then the culvert should be |owered an addi-
tional distance equal to one-tenth of the |ift as a safety factor. If
vents are to be provided, the culvert should be placed at an elevation
that will result in about 10 ft of negative pressure on the culvert
roof during normal operation. In locks with lifts up to 100 ft, this
will result in the pressure gradient dropping below the culvert roof
when or before the valve is about 35% open and thus will provide aera-
tion throughout the critical period of the operation cycle. WES pro-
gram Appendix B, computes an elevation for the pressure gradient and
this gradient elevation can be used directly to deternmine the pressure
on a level roof but nust be nodified for upsloping roofs as indicated
in figure 2-2.

b. A third alternative to the two procedures suggested in the
preceding paragraph is to ignore cavitation potential in siting the
valves and to use a slow or delayed valve opening schedule such as is
recommended for John Day Lock, see paragraph A-11. In an existing
lock this may be necessary but it inposes an undue linmitation on a new
design. A fourth method that has been proposed but is questionable

2-3



EM 1110-2-1610

15 Aug 75

XSPUT UOTIBATAR)D

*T-2 2aIn3Tg

bz
2N
(32-Z HdVHOVYHYd 338) w5 = M
((d=-"dl+d
oL 6°0 8'0 L'0 9'0 s'0 v*0 Ww
v v “AYNIS SHITTINW
s} | ] LI0H S
/ (o] [ ] Avd NHOr
/ NOILY1IA¥D ON NOILYL1IAYD
— ol
aN3o3an
St
NOISIA ¥O4 AIANIWWOIIY 'y —

///L 0z

o 7JV
. sz
o]
//// SE
/ ot

(o] ®

st

4008 LHIATIND 40 NOISNVYJAX3 LN3IOHEd

2-4



EM 1110-2-1610

15 Aug 75

oL

09

juaTpeId aanssaad uo uorsuedxs Joox JO 1991I1¥ ‘g—-g °2JnIT4g

0S

d0d¥a 3HNSS3IdHd NI NOILDONA3Y LN3IDH3d
ov [0} aF4 ol

170H

AVd NHOr

G01d3Ad ONIN3IJO FATYA IHL ONIENA

YIOVHLINOD YN3IA 3HL 1Y LNIIAvYHO 3¥NSS3IHd
WAWININ 3HL AONY 100d 43M01 3HL 40 NOI1lVvA3T3
3AHL N3IIML38 IDONIYH3IH4410 3HL S| d0OHA IENSS3I ™A

‘3LON

ol

(o7

o€’

ov’

0s’

d400d LY3IATIND 40 NOISNVYIX3 LNIOH3d

2-5



EM 1110-2-1610
15 Aug 75

and not recommended is water-venting by lateral inflow from the |ock
chanber into the low pressure zone. ®* ¢ Such water vents will raise the
pressure in the critical zone, an asset; but also the lateral inflow
will increase turbulence in this zone, a liability. Systematic field
tests would be required to determne whether lateral water vents
actually are beneficial or detrinmental and to establish design rules
for their use.

c. In addition to the requirements listed in paragraph 2-3a, in
all cases, the highest point in the culvert system between the filling
and enptying valves should be at least 5 ft below the |ower pool to
assure that air will not seep into the culverts when the |ock chanber
water surface is at the level of the |ower pool.

d. Design exanples are given in Appendix C

2-4.  Conclusions and Recommendations Regarding Admission of Air into

Culvert System It is concluded that air pockets in the culvert fill-
ing system are hazardous but that air bubbles well entrained in the flow
can be beneficial. Thus it is proposed that:

a. Al elenents of the culvert system between the filling and

emptying valves should be at least 5 ft below mnimm | ower pool.

b. In locks with [ifts of 40 ft and less, air should be seal ed
fromthe culvert system during filling operations. In lowlift |ocks,
where turbul ence levels are low even snall anmounts of air admtted
during filling could collect in pockets and become dangerous. The |ock
val ves should be placed at an elevation that will result in the nininum
val ue of K being greater than K and as a safety factor, the valves
should be at an elevation equal to at |east one-tenth of the lift |ess
than the elevation required for mnimmK to equal K . [t is indi-
cated in Exanple 1, Appendix C, that this will not require excessive
submergence of the culverts and therefore, in nost cases, should not
prove costly.

c. In locks with lifts of 60 ft and greater, the valves should
be placed at an elevation that will result in about 10 ft of negative
pressure on the culvert roof during filling and air vents should be

provided in the |ow pressure zone. An exception could be nade in the
very unlikely case that foundation conditions are such that it is
econonmically desirable to place the valves very deep with respect to
| oner pool. Consideration of Exanple 2, Appendix C, provides insight
into the submergence that would be necessary to prevent cavitation.

d. In locks with lifts of 40 to 60 ft, decision as to whether
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cavitation will be prevented by submergence or admission of air should
be based on econonic considerations for the particular project.

2-5.  Design of Air Vents.

a. Al filling-valve air vents should be provided with means for
controlling the anount of air entering the culvert system Bul khead
slots, valve wells, or other such openings into the culvert should
never be allowed to double as air vents for the filling valves.

b. Ar vents for enptying valves should be controlled, the
same as for filling valves, if flow is discharged into the |ower ap-
proach to the lock. However, if flow is discharged outside of the |ock
approach, excessive air is not likely to be harnful and bul khead slots
can be used to double as air vents.

c. A satisfactory vent systemfor a valve would consist of two
i ndependent 12-in.-diam pipes entering flush with the culvert roof be-
tween the quarter and third points across the culvert. A vent slot ex-
tendi ng across the roof of the culvert as provided in flood contro
conduits is not required. The vents should enter the culvert roof with-
in the I ow pressure zone which extends fromthe valve to the vena con-
tracta of the jet passing under the valve. Location of the vena con-
tracta varies with culvert height and val ve opening but vents have
perforned satisfactorily when placed no nore than a di stance of one-half
of the valve height downstream from the valve well. The vent pipes
shoul d be brought through an accessible |ocation, such as the platform
that supports the valve operating nachinery, and then to openings on the
outside face of the lock wall at an el evati on above the maxi mum poo
at which the lock will be operated. Openings on the top or inside face
of the lock wall are nuisances to personnel on the wall or in the |ock
chamber. A valve should be inserted in each vent at the accessible
| ocation. At the time the lock is put in operation, hydraulic design
personnel shoul d assist in determning vent valve settings that wll
preclude cavitation wthout an excessive anount of air and thus added
turbulence in the |lock chanber or |ower approach. This should not be
difficult as past experience has shown that satisfactory perfornmance
can be obtained within a range of settings. The vent val ves shoul d be
| ocked in the desired position to prevent accidental changing of the
setting.

2-7



EM 1110-2-1610
15 Aug 75

CHAPTER 3. HO ST LOADS

3-1. Hoist Loads due to Flowing Water.

a. Tainter Valves. Three structurally different types of reverse
tainter valves (horizontally framed, double skin plate, and vertically
framed) have been used in recent designs of lock filling and enptying
systems. The horizontally framed valve is desirable structurally but
the double skin plate and vertically framed val ves are | ess susceptible
to critical hydraulic |loads and | oad variations during the opening
cycl e.

b. Interpretation of Data. Hoist |oads presented herein are the
summation of forces on the valve nenbers due to flow ng water considered
as a single force acting radially at the valve skin plate. Downpull
| oads act to rotate the valve to the closed position and uplift |oads
act to rotate the valve to the open position. Basic data were obtained
with the valve at fixed positions and under steady-flow conditions.

For each valve position, hoist-load data were obtained for a range of
vel ocities under the valve (inflow or outflow divided by total valve
openi ng) . For the plots herein, figures 3-3 to 3-6, the velocity under
the valve at each val ve position was conputed (see Appendix B) for
different lifts in a specific lock. Table 3-1 gives the relation of
velocity under the valve to lift used in plotting the data in figures
3-3 to 3-6.

Table 3-1. Velocity Under Valve, fps

Valve

Open Lift, ft
Percent 20 40 60 100
0 0.0 0.0 0.0 0.0
10 28.5 41.0 50.0 65.0
20 27.5 39.0 49.0 63.5
30 26.0 37.0 45.5 59.5
40 26.0 37.5 6.5 60.5
50 26.5 39.0 48.5 64.0
60 27.0 Lko.s 50.0 66.5
70 27.5 4o.5 50.5 67.0
80 26.5 39.5 49,0 65.0
90 25.0 37.0 46,5 61.0
100 23.0 34,5 43.0 57.0
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¢c. Horizontally Franed Valve.

(1) As the name inplies, the skin plate is attached directly to a
series of horizontal beans and the loads are transmitted to the trunnion
arms through vertical frames or girders near the sides of the valve
(see fig. 3-1a).

(2) Horizontally franed val ves were used al nost exclusively in
earlier lowlift locks and no inadequacies were indicated until locks in
the nmedium and high-lift category were required. Serious operational
problenms with the horizontally framed valve resulting from forces due
to f|0\fNi ng water first were encountered in New Lock No. 19, M ssissippi
Ri ver.

(3) During trial operations at New Lock No. 19 it was found that
when a valve was at greater than two-thirds angul ar opening, flow ng
wat er caused pulsating |loads which were transmtted through the strut
and strut arm resulting in reversal of load on the operating machinery
and a consequent severe clattering in the gear train. The pulsations
appeared to increase in magnitude with increased valve opening. The
resultant |oading conditions were of such severity that renedial action
was necessary prior to nornal operation of the project.

(4) At New Lock No. 19, the lift is 38.2 ft and flow through the
culverts is regulated by 14.5- by 14.5-ft reverse tainter valves. The
valves are actuated by electric nmotors through strut-connected nechan-
ical gear systems. Each valve weighs 28,350 |b, with the strut and
strut arm adding weights of 3,500 and 3,100 |b, respectively. Wth a
val ve subrmerged in still water, the load on the hoist varied during
an opening cycle from about 21 kips (1.45 kips per foot of valve width)
near the closed position to about 31 kips (2.14 Kkips per foot of valve
wi dth) near the open position.

(5) Model tests revealed that under nornal operating conditions
flowing water caused an average load on the hoist in a downpull direc-
tion froma gate opening of 0 to about 75% and in an uplift direction
from75 to 100% Flow approaching the partially open valve divided at
the upstream face of the valve with part of the flow going under the
valve and part into circulation in the valve well. Wen this division
was above the lower girder, downpull forces prevailed and bel ow the
| ower girder, uplift forces occurred. Flow patterns in the valve well
during downpull and uplift conditions are shown in figure 3-2. Al so,
it was revealed that random variations in hoist |oad increased as the
val ve opening increased. Wth the valve near the open position, |oads
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CONDITION AT WHICH DOWNPULL OBTAINS CONDITION AT WHICH UPLIFT OBTAINS

Figure 3-2. Currents in valve recess

on the hoist due to flowing water varied from 12 kips (0.83 kips per
foot of valve width) downpull to 48 kips (3.31 kips per foot of valve
width) uplift. Thus, with the submerged valve exerting a downpul |l | oad
of only 31 kips on the valve hoist, it is obvious why severe clattering
resulted in the gear train

(6) Hoist |oads due to flowing water obtained in a 1:12-scale
model of the valve shown in figure 3-1a at lifts of 20, 40, and 60 ft
are plotted in figure 3-3. For planning purposes, these data are con-
sidered generally applicable and the prediction of total |oads for sim-
|l ar valves based on the width of the valve is justified by the fact that
tests have reveal ed that nodifications to valve menbers above the | ower
girder have a very small effect on hoist loads. Thus, the height of the
valve has a negligible effect on hoist |oads except as it nodifies the
velocity of approach and this is accounted for by plotting valve opening
as a percentage of total opening rather than as a specific dimension

(7) Modifications to the lower girder and the portion of the valve
bel ow the girder can have a material effect on valve | oads. "% For
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instance, installation of a cover plate fromthe valve lip to the flange
of the lower girder resulted in a 30% increase in peak downpull but a
35% decrease in both peak uplift and |oad variation.

d. Double Skin-Plate Valve.

(1) Wth the objective of presenting a smooth upstream surface to
flow, instead of the projecting edges of the horizontal beans, the trans-
verse beams are covered with a snooth, curved skin plate which results
in a streanlining effect (see fig. 3-1b). The inside plate adds rigid-
ity to the leaf and can be utilized in the stress analysis. It is cust-
omary to use welded construction, making the tank watertight. Thus, the
val ve can be operated with the tank filled with air, provided the valve
has sufficient weight to counteract its buoyancy as well as the dynamc
hydraulic uplift forces. In nost instances, however, greater stability
is needed and the tank is filled with water and a rust-inhibiting fluid.

(2) Ceneral design values of hoist |oads due to flowi ng water ob-
tained in a 1:15-scale nodel of the valve shown in figure 3-1b at lifts
of 20, 40, 60, and 100 ft are plotted in figure 3-4. Results of other
tests on valves of this type are given in references a, d, i, j, and k.

e. Vertically Framed Val ve.

(1) In valves of this type the skin plate is attached to a series
of curved T-beam ribs along parallel vertical planes (see fig. 3-1c).
The water loads are transmtted to the trunnion arns through horizonta
girders welded to the outer flanges of the ribs. Thus, open spaces
where water can circulate freely are provided between the ribs, and be-
tween the skin plate and the horizontal girders.

(2) Ceneral design values of hoist |oads due to flow ng water
obtained in a 1:15-scale nodel of the valve shown in figure 3-1c at
lifts of 20, 40, 60, and 100 ft are plotted in figure 3-5. The flanges
on the T-beamribs that transmt |oads fromthe skin plate to the
hori zontal girders nmust be narrow. Flanges 2.5 in. wide were suitable
in the exanmple valve, but flanges 12 in. wide inhibited the desired
circulation and were very detrinmental to |oading characteristics. Re-
sults of an additional test on a valve of this type are given in
reference g.

f. General Comments.

(1) Average |oads and maximum | oad variations for the three
val ves shown in figure 3-1 at a 60ft |ift are plotted in figure 3-6 to
show the relative |oad characteristics of each valve
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(2) For all three types of valves the two features that npst
affect loads on the valve hoist due to flowing water are the depth of
the lower girder and the extension of the lower lip of the skin plate
bel ow the lower girder. A decrease in the depth of the |ower girder
results in a decrease in peak downpull and |oad variations and, also, a
decrease in the range of valve positions at which downpull occurs and
an increase in the range of positions at which uplift occurs. Data are
not conclusive as to whether peak uplift is decreased. An increase in
the extension of the lower lip of the valve below the |ower girder de-
creases peak downpull and the range of valve positions at which downpul
occurs but increases peak uplift and the range of valve positions at
which uplift occurs. Load variations remain essentially unchanged

(3) The effect of |oad reversals on the valve hoist was denon-
strated dramatically at New Lock No. 19 by the severe clattering in the
mechani cal gear system \hen operation is directly from a hydraulic
piston, load reversals are not readily noticeable. However, these |oad
reversals still are very undesirable as they are likely to result in
excessive wear in the strut connections and could cause other structura
danage.

(4) 1t should be apparent to the designer that consideration of a
horizontally framed valve should be linmted to locks with lifts of no
more than about 30 ft. \hen designed for equal lifts, the double skin-
plate valve usually will be heavier and, particularly if the tank is
filled with a rust inhibitor, will require greater hoist capacity than
will the vertically franed valve. However, sone designers consider a
heavy valve to be nore stable and thus worth the cost of the additiona
hoi st capacity. Certainly the double skin-plate valve can be used
successfully at all lifts. The vertically framed val ve probably has
econoni ¢ advantages over the double skin-plate valve and is being used
with no problems at the 63.6-ft |ift Holt Lock. If this valve is con-
sidered for a lock with a very high lift, excess weight may be required
to prevent |oad reversals on the valve hoist.

3-2. Total Hoist Loads. In determ nation of total hoist |oads, the
desi gner nust conbine the | oads due to flow ng water (discussed in
paragraph 3-1) with loads resulting from (a) weight of the subnerged
valve, (b) weight of the operating stem (c) friction at the side seals
and in the trunnion, and (d) head differentials across the top sea
(paragraphs 4-4 and 4-4a).

3-3. Peak Head Across Val ve.

a. Near the beginning of a filling or enptying operation if a
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failure of the hoisting nmechanismshould allow a valve to slamshut, a
head across the valve considerably larger than the difference between
upper and lower pool would result. Tinme-history of pressures on each
side of the valve can be devel oped from avail abl e fornul as concer ned
with surges and water hammer. Pressure oscillations on each side of
the valve will occur with decreasing anmplitudes through several cycles
However, the periods of these oscillations are likely to be different
on the two sides of the valve; and although individual peaks (positive
and negative) on each side of the valve probably will occur during the
first cycle, it is possible that the maxinum head across the valve will
occur later and be less than the difference between the first cycle
peaks. Al so, there are likely to be reversals in the head across the
val ve.

b. In a reverse tainter valve installation, the valve well would
serve as a surge chanber and thereby delay and reduce the buil dup of
pressure on the high-head side of the valve. Although the surge in the
valve well would spill out at the top of the lock wall the pressure on
the valve would result fromforces causing flow up the well and could be
consi derably greater than the difference between the top of the wall and
the val ve. If the valve is not vented, the pressure on the |ow head
side of the valve could drop quite rapidly to about -33 ft (one atno-
sphere negative); with a vented valve, the pressure would drop to essen-
tially atnospheric.

c. Sudden closure of a valve due to breakage of the hoisting
nmechanismis very unlikely to occur and usually is not considered a
design condition. On the other hand, operation that woul d produce
surges is nmobst probable. For nmany reasons the operator may reverse the
valves during or inmmediately after the opening cycle. A series of tests
was conducted in the Cannelton Lock nodel! during which the 18-ft-high
by 16-ft-wide filling valves were opened at a rate to reach fully open
in 2 mn Imrediately upon reaching 1/2, 3/4, and then fully open, the
val ves were reversed and closed at the sanme rate. The surges generated
produced a peak head differential across the valve of about 1.5 tines
the initial lift.

d. The conditions of peak head across the valve to be used in the
structural design should depend on the local situation and judgnent on
the part of the designers. Certainly all designs nust provide for the
head created by the abnornal operation described in paragraph 3-3c. The
hydraul i ¢ designer should describe the possible |oadings that could re-
sult from operational and accidental closure of the valves during a
filling or enptying operation.
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CHAPTER 4. VALVE SEALS

4-1. CGeneral. Valve seals are the responsibility, primrily, of ne-
chani cal design but the hydraulic designer should be aware of cavita-
tion, vibration, and hoist load problems that can result from poor

seals. Leaks around valves in high-1ift locks can result in cavitation
and possible damage to the culvert or the valve. The seals given as ex-
anmples in this manual have proved satisfactory; however, other arrange-
ments of seals have also been used successfully. It has been found that
i nadequat e anchorage is one of the nmjor causes of problens with em
bedded itens. The blockouts and anchorage systens shown on the exanples
of seals given herein are required for proper installation.

4-2. Bottom Seals. Satisfactory sealing across the bottom of a tainter
val ve can be acconplished by pressure contact of the lip of the valve

on a netal sleeper enbedded in the culvert floor (see fig. 4-1). The
bottom edge of the skin plate should be ground in the field to provide
a snmooth and uniform contact with the sill plate. Flexible (rubber)
bottom seals can be a source of serious vibrations; and since it has
been denpbnstrated that with reasonable care good netal-to-netal contact
can be obtained for the full length of the sill, use of flexible seals
is not advocated. However, a conpression-type rubber bottom seal has
been used successfully on high-lift locks by the Walla Walla District.

4-3. Side Seals. Rubber J-type seals are recommended for the sides of
the valve, figure 4-1. These seals should bear against and slide along
curved stainless steel plates enbedded flush with the culvert walls.

Al so, these plates should extend into the valve well for the full height
of the opened valve in order to provide lateral support for the valve
in the open position. In several installations where lateral support
was not provided for the fully open valve, the jostling action of the
highly turbulent flow circulating in the valve well resulted in |oosen-
ing of trunnion anchorages and other danmge. The side plates should be
free of irregularities that mght cause the rubber seal to wear or |ose

cont act. It is very inportant that the rubber seals be adjusted to
maintain a relatively uniform contact with the seal plates. Loss of
contact, in addition to allowi ng |eakage, can result in seal flutter

which will cause serious vibrations throughout the valve.

4-4. Top Seals. The seal at the top of the valve is likely to present
more problens than those at the sides and bottom  The top seal nust
mate smoothly with the top seal plate and, at the same tinme, allow the
bottom edge of the valve to rest with sufficient pressure on the sil

to seal the valve at the bottom A prolonged rubbing contact and sl ow
breakaway are very undesirable as they are conducive to vibration.
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Al so, the portion of the top seal including the seal bracket that extends
beyond the skin plate is exposed to an unbal anced head equal to the lift.
This head decreases as the seal noves away fromthe top seal plate and
becones zero when the distance between the top seal and any part of the
gate well face exceeds the distance between the skin plate and the sea
plate. In a reverse tainter valve at the beginning of the opening cycle,
the hoi st must overcome this unbal anced head at the same tine it is
"breaking" the seals and this may result in the peak | oad on the hoist.
Qobviously, it is desirable to maintain the seal projection on the valve
as short as practicable

a. Two designs for the top seal are shown in figure 4-1. (One
design is suitable only for reverse tainter valves in locks with rela-
tively low lifts (about 40 ft or less). In this design, the sea
bracket projects about 6 in. (horizontally) beyond the skin plate. The
unbal anced | oad in pounds per foot of valve width with the valve closed
is equal to 31.25 tinmes the lift in feet. The other design is suitable
for all lifts with the valve in either the reverse or nornal position
The unbal anced | oad (downpull for reverse tainter valve, uplift for
normal) on this seal in pounds per foot of valve width is only about
13 times the lift in feet. A J-type seal also can be used in high-1ift
projects, but the clearance between the skin plate and seal nose should
not exceed about 2-1/2 in. and the seal bulb should be partially con-
strained to prevent excessive flutter as the seal is broken.

b. It is difficult to prevent |leaks at the junction of the side
and top seals. For projects with |lifts up to about 40 ft, a nolded
corner that in effect nakes a conti nuous seal is desirable. However ,
nol ded corners tend to transmt novenent of the side seals to the top
seal s and have caused working and eventual failure of the top seals.

An arrangenent that allows independent novenent of side and top seals is
suggested at projects with |ifts greater than about 40 ft.
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CHAPTER 5. RECESSES FOR UNWATERI NG BULKHEADS

5-1. Ceneral. To allow for service and repair to a valve without
taking the lock out of operation, bul khead recesses are provided on the
hi gh- and | ow head sides of each of the four valves. Each recess con-
sists of slots in the sides of the culvert, an opening in the culvert
roof, and a shaft extending to the top of the lock wall. Although it
is unlikely that nmore than one valve will be under repair at a given
time, two sets of bul kheads normally are provided at each project to

bl ock upper and | ower pools fromthe culvert systemfor unwatering of
the lock. For storage, the bul kheads usually are held near the top of
the shafts by dogging devices.

5-2. Bul khead Recesses. Open-well bul khead recesses on the high-head
sides of the four valves have caused no problens during filling and
emptying of the lock. However, there is one known case of a surge in
the bul khead recess created by operation, as discussed in paragraph
3-3c, lifting the bul khead off of the dogging devices and then all ow ng
it to slamdown with sufficient force to break the doggi ng devi ces and
drop into the culvert. The lifting force was due primarily to the
stored bul khead restricting flow up the shaft. It is suggested that
the shaft be enlarged (see fig. 1-1) at the position of the stored

bul khead

5-3. Location of Bulkhead Recesses. During the valve opening period

a zone of low and unstable pressures extends about 6-1/2 times the cul -
vert height downstream from the valve. Usually, other considerations
meke it desirable to locate the bul khead recess for the | ow head side
of the valve within this zone. Thus, an open well for the bul khead
recess on the | owhead side of the valve would be a potential source
for excess air entering the culvert system  Except for recesses on the
| ow- head side of enptying valves discharging outside of the | ower ap-
proach to the | ock (see paragraphs 2-5a and b), the bul khead recess on
the | ow-head side of each val ve shoul d be seal ed. Further, it is desir-
able that this seal be placed just above the |level of the | ower pool

If placed near the top of the lock wall, oscillations develop in the
colum of water in the bul khead shaft and at sone val ve opening these
oscillations interplay with and anplify the oscillations in the recess,
causi ng unstable |oads on the valve hoist.
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